DOCUMENT RESUME 



ED 349 157 



SE 052 386 



AUTHOR 
TITLE 

PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Champagne, Audrey B.; Cornbleth, Catherine 
Interdisciplinary Approaches to Science Education: A 
Cognitive Analysis. 
91 
26p. 

Guides - Classroom Use - Teaching Guides (For 
Teacher) (052) — Reports - General (140) 

MF01/PC02 Plus Postage. 

•Cognitive Processes; Elementary Secondary Education; 
•History Instruction; •Interdisciplinary Approach; 
•Science Education; •Science History; Science 
Instruction; Social Studies; •Textbook Content 
•Philosophy of Science 



ABSTRACT 

While many claims have been made about the benefits 
of interdisciplinary approaches to science education , the contention 
is that little empirical data exist either to support or refute the 
claims. The demands of integrated approaches on students or teachers 
have not been subjected to either theoretical or empirical 
assessment. This paper presents a first step towards assessing the 
demands and considers the results of the assessment for the practice 
of interdisciplinary school science. The analysis is limited to the 
integration of natural sciences, history, and philosophy. In grades K 
through 6 or 9, the potential exists for the integrated study of 
natural sciences. However, from a content analysis of general science 
and social studies textbooks, topics are expressed serially and fail 
to expose students to the intellectual relationships among them. The 
history of science and philosophical foundations of science are 
poorly integrated in both science and social studies textbooks. In 
the analysis of tests, another reliable indicator of curriculum, 
there are few items that explicitly test for student understanding of 
the intellectual relationships among the natural sciences or their 
methods of inquiry. The paper discusses the historical case study 
approach, the problem/issue centered approach to integration, and 
pedagogical approaches to integration. The posited cognitive outcomes 
and cognitive demands of integration are presented. (Contains 62 
references.) (PR) 
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N S^*™ curriculv* theorirt. and education reformer* contend the virtues of 
^interdisciplinary approaches to science education. 1 Integrating the study of 
£ science with other academic dieciplinea, engineering, and art, they claim, 
^ produce, -ore advanced level, of scientific literacy, more competent perfor- 
<W «»nce in the work place, and better personal and social decisions than do 
^ conventional separatist approaches. While many claims have been made for the 
benefits of interdisciplinary approaches, few have been implemented in U. 8. 
schools at any level. ODnsequenUy, litUe empirical data exist either to 
support or refute the claims. Neither have the demands of integrated ap- 
proaches on student, or teacher, been subject to eitlier theoretical or 
empirical assessment. Our goal In this paper is to take a first step toward 
assessing those demands and to consider the Implications of the results of the 
assessment for the practice of interdisciplinary school science. 

The analytical task is difficult for several reasons. Specifications for 
the Practice of interdisciplinary approaches to teaching science are practi- 
cally nonexistent. Second, outcomes claimed for interdisciplinary approaches 
are stated in global terms. The third reason, we have already mentioned, is 
the dearth of practical experience or empirical data about the effects of 
interdisciplinary courses and programs on student performance . Any thorough 
^ assessment of the demands on studs ts and teachers of interdisciplinary 
J approaches re*nres descriptions of the curriculum and intended outage, m 
g the long term, the products of the analysis must be tested against empirical 
IU data which will not be available until courses and programs are designed, 
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implemented, and tested, in the absence of empirical data, we will conduct a 
logical analysis based on three of the pcesibl. Integrate approach- 

to science. 



AHraches to the Organization of Content 
The nunfcer of possible pansjtations of interdisciplinary approaches is large 
including: 

iS^£SLT *" natural 80160069 ~ blol03y ' *- i8t *' 

SSS^1£^ 9 " mtUnl 80161,08 ** 8 - ~ciology, 

S/^tL^ 8016,108 —* — * w» ~ 

^K 8 :^ -ienca and another area of h^en endeavor 

S^t 8 ^;^^ 8ol6nc6s - - «*» 

W ° llait °* v™ 1 ** 1 * to the integrated study of the natural sciences, 
history, and philosophy. Our theoretical analysis posits the Influence of the 
organization of the content and strategies for its presentation on what is 
learned. First we propose learning outcomes for three different approaches to 
natural-social sciences content organization which we label con-enticml, 
historical, and problem/issue centered. Next, we advance learning outcomes 
for different pedagogical strategies for the presentation of the content. 
Then we consider the cognitive and logistical demands that these integrative 
approaches place on the learner and the teacher. Learner demands are framed 
in the context of the quantity of cross-disciplinary information the learner 
Is expected to integrate and the diversity of inquiry strategies the learner 
Is expected develop. The demands on the teacher are framed in terms of the 
Instructional decisions that are required to implement interdisciplinary 
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approaches, that la for the teacher to optimize the choice of content or- 
ganisation, and pedagogical strategy with the learning characteristics of the 
students. 3 

Conventional Organization of content 

School and college curricula reflect the value society places on cross- 
disciplinary understanding. Although the K-16 curriculum leaves open the 
possibility to afford students the opportunity to develop cross-disciplinary 
understanding, the organization of schools and the Intellectual structures of 
the disciplines act as barriers to teaching that integrates the disciplines. 
The diagram in Figure I represents the typical pattern of course offerings in 
grades K- 16 in the natural sciences, social studies, and philosophy. The 
natural sciences and the social sciences are a part of the curriculum through- 
out formal schooling. Ifiilosophy is a part of the collegiate program only. 
The diagram indicates that no formal integration of the natural and social 
sciences occurs in at the school level. This pattern typically continues 
through college with one exception. DurLq the senior year at some institu- 
tions, a capstone course may be offered that integrates course work across 
several disciplines. Horizontal integration across natural and social science 
or philosophy courses at either the school or university level is atypical. 

Within courses that ocnprise the natural science curriculum opportunities 
abound for integration of the natural sciences. The conventional K-6 science 
program is on the surface at least interdisciplinary. At these grade levels, 
students study topics from the biological, physical, and earth and space 
sciences. This pattern continues through grades 7-9 in some programs while in 
others the "layer cake" approach begins at grade 7 with the curriculum devoted 
to either biological, physical or earth and space science at each of the grade 

levels. The layer-cake structure is the normal pattern in grades 10-16. 3 
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Will* ve recognize that then is considerable variation in the details of 
the natural science curriculum, we can make some reasonable estimates about 
the extent to which students have the opportunity to engage in integrated 
study, in grades K through 6 or 9, the potential exists for the integrated 
study of the natural sciences. However, on the basis of the content of 
general science textbooks, which is the best indicator of the content of 
school science at the elementary and siddle school level, we conclude that the 
potential is not realised. General science textbooks present topics from 
biology, the physical sciences, and earth and space science serially and fail 
to expose students to ttie intellectual relationships among then. Ttextbooks do 
not describe or explain how txansdiscipllnary concepts, such as "system," 
"cause and effect," or "energy" apply across the natural sciences. Neither do 
the textbooks address the different form of scientific inquiry that distin- 
guish or cut across ttie disciplines. Thus our conclusion frcn general 
science textbooks is that little horizontal integration across the natural 
sciences occurs in general science courses. Neither is there any suggestion 
in biology, chemistry or physics textbooks that any vertical integration 
occurs across courses presented in the layer-cake pattern. 

Similar patterns are evident in social studies programs. K-4 social studies 
draws on history, geography, and the social sciences (political science, 
economics, sociology, anthropology) , usually in soma version of an expanding 
environments structure (from family to oonsunity to region or state) . 
IVpically, grade five is U.S. history, and grade six and seven include world 
geography and history and perhaps state or local history. Grade eight 
reintroduces U.S. history (as does grade 11) while grades 9 and 10 repeat and 
presusably extend world geography and history, usually in regional or area 
studies that incorporate sclera, dimensions. Grade 12 social studies usually 
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provides electives such as economics and government or advanced plaoanant 
history courses. 

There i* little evidence in either textbooks (still the sainstay of social 
studies instruction) or studies of social studies claasroos practice of 
explicit horizontal or vertical integration, within or across courses, of 
content fros history, g e ography , and the social sciences (or of the dis- 
ciplines thaaselves) . Disjoint adnese is sore characteristic of social studies 
education than integration. 

Science textbooks at all but the earliest grade levels do contain sons 
reference to the history and philosophy of science. The presentation of the 
history of science typically is limit** to biographical sketches, usually one 
per chapter, of the scientists responsible for the elucidation of the scien- 
tific principles presented in the chapter. Little, if any, infarnation about 
the historical context of the discovery or the development and change over 
time of a scientific idea is included in the typical science textbook at any 
grade levtl. Thus, the history of science is a poorly integrated add on to 
the science curriculum. 

Neither is the history of science a well integrated part of the school 
history program. Using social studies textbooks as our indicators, we 
conclude that over the course of 13 years, students are unlikely to hear 
mention of scientific discoveries in their history classes. Technological 
advances — for instance, the invention by JfcOormick of the reaper — are 
often mentioned, primarily because of their economic and social iapact. 

The philosophical foundations of the natural sciences are treated in a 
similarly disjointed fashion. Typically the philosophical foundations of the 
natural sciences are presented in the first chapter of a textbook where the 
scientific method, the nature of scientific inquiry, and the intellectual 
attributes of scientists are described. The nature of science, once present 
O 5 
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«d, is seldom mentioned again, The students' next encounter with the nature 
of ecienoe is at the beginning of the text for the next year's science course. 



Tests are another reliable indicator of the content of the curriculus. 
Generally speaking, science achievement tests contain few itens that explicit- 
ly test for the student's understanding of the intellectual relationships 
asong the natural sciences or their sethode of inquiry. Furthermore, the 
historical developevit of scientific ideas is limited to factual itcne 
relating fescue scientists and their discoveries. In short, the achievcnant 
tests reflect the content of textbooks and preeueably what is taught. Even 
though the drafters of the frasework for the scat recent science test of the 
National Assessment of Educational Progress (Educational Tasting Service, 
1989) acknowledge the importance of the history and philosophy of science to 
scientific literacy, the test contains few itens related to these topics. 

In suBaary, the structure of the conventional school and college curriculum 
does not preclude epproaches to the natural sciences that integrate history 
and the nature of science. Even so, there is little evidence of such integra- 
tion taking place even at the college level, in spite of the fact that the 
publicly stated goals for school science make cross disciplinary understanding 
a valued oosponent of scientific 
literacy. 
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Ihe Historical Case Study Appcosch 

Natural Klmi c o urs ee organised around oaaa studies in the history of 
science ara an example of an unconventional approach to adanoa oontant 
organization. C our ses organised in this way traoa tha development fros 
antiquity of tha contemporary applanations for natural phsncssna. students 
learn the explanations that ware accepted at various periods in tisa, the 
oorrespondenoa of the explanations with the prevailing philosophy and culture 
of the Usee, the origins of dissatisfaction with the prevailing explanation, 
as wall as the critical experiment, end observations that brought about tha 
challenge to the prevailing theory and the acceptance of the new. Natural 
scienoi is integrated explicitly and meaningfully with its history and 
philosophy. 

Little can be said about this approach in practice at the school level 
because it has not been incorporated into the school curriculum to any 
dlscernabla degree despite the fact that in the 1970a student materials for 
both the school and college levels were public d nationally (Gonant 1951, 
KLopfer, 1964-66, and KLopfer and Oooley, 1963.) in those few instances 
where it has been implemented at either the school or college level, this 
approach to tha natural sciences has essentially been limited to single 
courses. 



Problem/Issue Centered Approaches 

Integrated study of the natural sciences also can be approached by way of 
courses structured around contemporary social and political issues and 
problems. Abortion is an example of a coiitemporary social issue amenable to 
the approach. Inquiry into the scientific aspects of this issue lead to 
ouestions about how life is defined in various intellectual communities, the 
phUosophical bases for the definitions, and how these have changed over time. 
O 7 
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Hethodological questions also Brim, as in the cast of the controversy over a 
stud/ of tha psychological affacta of abortlcna whidi tha U.S. surgeon general 
refueed to release because ha judged it to ba Methodologically flawed. Tha 
organization of aoianoa aft ration around problems provides tha opportunity for 
bringing tha parapactivaa of aany disciplines to bear on ocnteeparary problems 
and iesuee. 

Various pedagogical a pproaches to foatar croaa-diaciplinary undarstanding 
aiqfit ba uaad with aach of thara three ways of organizing tha aubjact setter 
of tha natural ecianoee, history and philosophy of science. 

i^fl"gr*ji*^i ApproadMs 

Tha oognitiva ocsponents of croaa-diaciplinary undarstanding ara knowledge 
and mental prooaaaas. Pedagogical approachee to tha development of knowledge 
and prooaasing oapabilitias raflact underlying conceptions, however vague or 
tacit, of tha nature of tha learner and of learning. Conventional pedagogy is 
baaed on the paaaive-abaorber conception of tha learner. The pedagogical task 
is to tranandt knowledge froa the expert to the learner. Lactones, reading, 
and recitation ara tha pedagogical nethods of choice. A growing bod/ of 
reaaarch challangaa tha passive-absorber of predetermined knowledge conception 
and characterless learners aa activa-constructar of their own knowledge (von 
Glaeersfeld, 1987) • Oonventional wisdom aa well suggests that better struc- 
tured knowledge and superior sental capabilities derive frtn active engagement 
by the learner. Thus, tha pedagogical task is engage the learner in challeng- 
ing activitiaa that foster information p roces s ing, knowledge construction, and 
knowledge organisation. Working in nail groups on significant projects is 
the pe da gog i cal method of choice. 

Tha principles of oonstructivist pedagogy seen to conflict with conventional 

views of tha value of presenting content structured according to the tenets of 

the discipline (or, to say it another way, to structure the content in the 
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way* In which experts in the field structura it (Chi, Ftldovitch, and Glaaar, 
1981)) . He have no siaple —it to this quandary. Ha ai^ly acknowledge tha 
power of knowledge structured as axp arta structure it and laava open tha 
question of which pedagogical aethodB in which coabination and eequence aicftt 
achiava both cognitive goals — a wall structured knowladga baaa and the 
■ental capability to cpaxata on that knowladga baaa. 

Conventional appcoachaa to teaching acienoa ocabina conventional aathoda of 
structuring oontant with conventional aathoda of pedagogy — lecturea, 
reading, and-of -chapter probleas, and laboratory. While laboratory and 
prcblen-eolving can be conceived of aa ts±Xm requiring active eiigagaaant of 
the learner, all too often, atudenta are intellectually engaged only niniaal- 
ly. End of chapter problese have only acadaaic significance for tha atudant, 
and the laboratory ia slaply aaquanoa of activities perforated under the 
direction of a laboratory annual. 

The caaa etudy approach atructuraa tha content to be praaanted in an 
unccnvanticnal way, but typically tranaaita tha oontant in conventional waya. 
Problaa cantered spproachea are unconventional with raapect to both the 
atructura of tha oontont and pedagogy. We recognise of couree, that it ia 
conceivable that taachara night lecture to atudenta about a aignif leant 
conteaporary problaa or iaaue, however, the eaaanoa of the problaa centered 
approach ia active engageai nt by tha learner in the problaa or iaaue. At this 
point it is appropriate to note that reading, listening to lectures, and doing 
laboratories are activities a pp r o pri ate to the problaa or issue centered 
approach. However, engagaaant in these activities is activated by the 
overarching goal, to solve the problaa or to resolve the issue. Thus the 
student has a problaa or issuer-related purpose for engaging in the activity 
which aakaa the activity aeaningful and likely to foster learning. 
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As we noted above, active aujwjeaa lit by the student la naoaaaary to foster 
well atructurad knowledge bases and batter cognitive capacity. FUrtharsare, 
if tha problss or laaua haa significance for tha atudant, ocnatructiviats 
contand that atudants will ba engaged aora readily. 

Posited Cognitive Ouccoass 
Ma turn now to tha cognitive out i h ■■■ (Greano, 1976) of tha thraa 
interdisciplinary a p p roache s to tha natural sciencae. This analysis is based 
on two aasusptions: (1) that with tha "right" pedagogical 
approachas, students can cose to canonical understanding of tha subject setter 
and (2) that atudants santal capabilities develop as the result of social 
interaction, that is by observing adults and peers, sisicking their processes, 
and refining tha skills via feedback. Our a pproach is to describe outcosas 
cognitively rather than bahaviorally aa educational goals are typically cast. 
Cognitive outcosas refer to tha contents of sind, knowledge structures and 
liif creation processing capabilities. 

For tha purpose of analysis we sort knowledge into tt.o categories, 
declarative and procedural. Declarative knowledge is knowledge about . . . , 
while procedural knowledge is knowledge how, to ... . Knowledge about tha 
natural world and about products of scientific inquiry is declarative 
knowledge. The processing capacity required to Inquire, to solve problem or 
to sake decisions, is procedural knowledge. Hie distinction is an jjiportant 
one especially with regard to scientific inquiry. Knowing about scientific 
inquiry is very different free being able to engage in scientific inquiry, 
which in turn is quite different free being disposed to engage in scientific 
inquiry. 

Declarative Knowledge Fros Discipline Baaed Content Organization 
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The dlagran in Figure II ispisasnta the cognitive outocae poeitad for 
approaches that organise natural eclence, social science, and philosophy 
subject aatbar according to tha tanata of tha dlaciplina. At tha and of 16 
yaara of study, tha cognitive products ara both declarative and procedural 
knowledge. Tha declarative knowledge la organised by dlaciplina and within 
aach disciplinss la stxucturad according to that dlaciplina 'a tanata. Tha 
declarative knowladga bass also containa cross disciplinary Knowladga, 
knowladga about tha lntallactual ralatlonshlpa aaong tha disclpllnaa — tha 
faaturaa thay hava in coaaon and tha faaturaa that distinguish thaa. (MS 
racognla a that, in practica, knowladga say not ba atxucturad and that cross 
disciplinary knowladga say ba ainiaal.) 

Table I containa a coarsa grainad raprasantation of dlaciplina structure for 
tha natural sciences. Tha raprasantation is in tha fors of a list of tha 
sajor catsgoriaa of declarative knowledge for the natural scisncea. 
Discipline structured study should produce similarly atnicturad declarative 
knowledge bases for philosophy and history. One sajor difference, of course, 
is tha category for tha discipline's espirical base. Vtiile science is built 
on obeervatione of the natural world, decuaents, diariea, and physical 
artifacts ara tha data for historical and philosophical inquiry. 

previouely, a possibls and valued outooaa of interdisciplinary organization of 

content is tzansdisclplinary understanding of concepts. Certain concepts are 

a part of the atructurea of eeveral disciplines. Tiae la an exaaple of such a 

concept. Each of tha natural sciences has its particular conception of tine - 

- geological tins, deep tins, light years, very long periods of tins — are 

typical of earth and space sciences. In contrast particle physicists 

routinely operate with tiae periods ssaa ur ed in infinitesisally snail units, 

nanoseconds. Historical tins is a social construction inposed after the fact 
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— niddle iges, World Mar I. All of these and otter meanings of tina build on 
tha aaoaa basic idaaa but aach has particular aspects unique to its 
disciplinary purpose. Interdisciplinary appttMrhas provide the opportunity 
for tha developsant of rich conceptions of transdisclpiinary concepts. 

We posit that the disciplinary organization of subject setter produces a 
second level of declarative knowledge, that is, knowledge about disciplines. 
This in contrast to knowledge about a specific discipline. This knowledge is 
■enema based. Schemata are generic mental fraseworks which serve to organize 
infatuation about a number of instances of a concept in a systematic way that 
serves as a guide for learning about a new instance of the concept. Thus, a 
schema for discipline serves to organise information about the common features 
of a number of disciplines and serves as a guide for leaning about an 
unfamiliar discipline. A schema for discipline knowledge contains places for 
the discipline's concepts, principles, and theories. A nature-of-the- 
disclpllns schema contains places for the discipline goals, philosophical 
basis, and modes of inquiry. 

Schemata are powerful mental tools. They enhance learning and the transfer 
of knowledge to new situations. Schemata develop crjiy after intellectual 
engagement with a number of instances of a concept. A schema for academic 
discipline, for instance, can only develop after en ga gement with several 
Instances of disciplines. 
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The Case Study Approach 

The knowledge base that develops far the case study approach to the history 
of science will be quite different from that engender* d by exposure to content 
organized according to the tenets of the disciplines. (For examples of 
Materials taking this approach see Oonant, 1951, KLcpfer, 1964-66, and KLopfer 
and Cooley, 1963.) Figure III is a diagram for a course that organizes 
science content according to the development of scientific ideas, case 
studies in the exasple are drawn free physics, biology, chemistry, and 
geology. The major conceptual eras in each case study are identified by the 
name of a scientist and arrows between the names signal that a change in 
perspective occurred. 

Presumably, the knowledge structure resulting from this approach would be 
oceposed of sub-structures far each of the major periods in the development of 
the modern theory containing (1) the empirical information that the period 
perspective was b ased on, (2) the major concepts, principles and theories used 
to explain observations of the natural world, and (3) assumptions about the 
natural world and the philosophical basis for the natural sciences as they 
were practiced at the time. Presumably the case study approach to classical 
mechanics produces similarly organized period structures for major periods in 
the development of our currently held ideas of the motion of objects — 
including the Aristotelian, Galilean, and Newtonian perspectives. These mini- 
knowledge structures are integrated into a larger structure for the historical 
development of explanations for the motion of macroscopic objects. Developed 
in this way, the resulting body of knowledge is organized according to 
historical development and is quite different structurally from a body of 
knowledge about kinematics organized according to the contemporary 
interpretation of the discipline's body of knowledge. 
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An element oanuon across each of the case studies in cur diagram and en 
element oonmnn to any historical study, is the process by which ideas change 
over tine. Thus, the case study approach is likely to produce a veil 
developed schssa for the process of change of scientific theories. In the 
specific instance of the change from an Aristotelian to the Newtonian 
perspective, the student would know the factors that brought about the 
downfall of the old theory and fostered acceptance of the new one. Studying a 
nunfcer of different cases would enable the development of schema for changes 
in scientific theory. One case study organization of content has the 
advantage of bringing to the foreground the processes by which scientific 
theories change over time. However, this gain is at the expense of the 
development of a broad knowledge of the natural sciences or of one of the 
natural sciences in particular. The case study approach would produce an 
historically structured knowledge base about mechanics, but little knowledge 
about other topics in physics — light, heat, or modern atomic theory — 
unless they also become the topical focus of a case study* 



The Problem or Issues Based Approach 

This approach brings a nunber of disciplines to bear on a topic or issue of 
contemporary interest (See for example, American Chemical Society, 1988; 
Iujan and White, 1989) . Abortion, global warming, solid waste management and 
depletion of the ozone layer are examples of contemporary problems around 
which the content of the natural sciences, history and philosophy might be 
organized. In the case of abortion, history and philosophy are two 
disciplines appropriate to both the technical and ethical analysis of the 
issue. Knowing the historical development of contemporary definitions of what 
constitute human life as well as the philosophical views of human control 
over human life illuminate the contemporary dilemma. The knowledge base 
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developed in this approach has attributes in conmon with that developed in the 
case study approach. Just as in the case study approach, ^wre a number of 
mini-knowledge structures related to different perspectives held over tine 
develop, in the probleas/issue based approach, mini-structures related to 
different points-cf-view on the issue or problem develop. For instance, 
different theoretical perspectives on the causes of global warming are likely 
content for knowledge structures developing from the study of global warming. 

The feature common across the problems or issues studied is the use of 
discipline based knowledge for problem solving and issues resolution. Just as 
the case study approach highlights the process of theory change, the 
problem/issue centered approach highlights knowledge utilization. Thus the 
approach is likely to engender understanding of the relevance of disciplinary 
knowledge to contemporary problems and issues as well as the ability to bring 
disciplinary knowledge to bear on them. 

ftocedural Fhowledge 
Thus far we have considered the relationship of the structural organization 
of content and the development of declarative knowledge structures. We are 
equally concerned with students' capacity for the effective utilization of 
knowledge to learn, to inquire, to reach personal deci- 
sions, and to solve problems. The requisite cognitive capabilities to engage 
in these activities are extensive. A chart listing some of them is presented 
in Figure IV. The list is long, and the interaction of the component 
cognitive processe s and the knowledge base on which they operate is complex. 
But rather than dwelling on these convexities, we will assess theoretically 
how different pedagogical approaches affect the development of a well 
structured knowledge base and the cognitive capabilities to act on that 



knowledge base to learn, to inquire, to solve aoadesdc and real-world 
problem, and to sake personal decisions. 

The chart in Figure IV shows the relationship b e t w een academic tasks and 
procedural outcomes, it is based on the assusption that the process of 
engaging in academi c tasks under the tutelage of an expert, the teacher, 
develops cognitive processing capacity. The types of academic tasks listed 
include solving problems, learning, and inquiry. Listed under the major 
heading, generic, are thinking abilities that are common to all three types of 
academic tasks. listed under the major heading, task specific, are thinking 
abilities that are particular to problem solving, learning, and inquiry. 

The chart is incomplete in several respects: (1) the compcmnt abilities for 
■any of the tasks are not enumerated; (2) it includes only academic tasks 
particular to science Instruction, and (3) it does not include the more 
complex tasks likely to be encountered outside the classroom. For instance, 
the oo m pon a nt abilities listed under inquiry in the chart are specific to 
scientific inquiry. Historical inquiry has some features in cannon with 
scientific Inquiry. However, apparatus selection and use are not typical of 
historical inquiry. 

Different pedagogical approaches will enhance the development of different 
cognitive processes. Conventional pedagogical methods will develop information 
processing skills required for reading, managing information, and 
coaprehendlng lectures. An inquiry apprcach to historical case studies should 
contribute to the development of information processing skills required for 
historical inquiry. The problem solving/inquiry resolution approach will 
develop processing skills required for the execution of these tasks. 

Two conclusions we can draw from this brief cognitive analysis of the 
procedural knowledge outcomes are (1) that cospetencies we expect to develop 
from integrated approaches to science are extensive and complex, and (2) that 
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no single pedagogical approa ch la adequate to the developnant of all the 
desirable skill*. 



The Cognitive Derate of Interdisciplinary Upproachea 
The cognitive dsmanda of in erdisciplinary study on students and teachers 
are great. Among the challenges students face are those of developing 
transdisciplinary understanding of oonoapts as veil as ocadng to understand 
thn knowledge bases and inquiry methods of sore than one discipline. 

Teachers and program designers face a oceplex of instructional deci- 
sions. For instance: 



At what point in the education sequence should students first be exposed 
to anQse-disciplinary ideas? 

When is it appropriate to Introduce young children to the ideas 
of physical space-tine? 

When is it appropriate to introduce young children to the idea 
of historical tine? 

When is it appropriate to expect students to grapple with the 
similarities of physical and historical conceptions of tine? 

Which aspects of tine are best taught in the context of the 
natural sciences? which in the context of history? 

When can students be expected to understand abstract concepts 
such as discipline and inquiry? 

What are appropriate strategies for maintaining a balance between the 
cognitive goal for a well structured knowledge base and adequate 
procedural knowledge? 

How does the developmental level of the students factor Into deci- 
sions regarding the balance of cognitive goals and exposure to cross- 
disciplinary ideas? 

What are appropriate problems for interdisciplinary inquiry at the 
elementary, middle, and senior high school? 

Whan is it appropriate to engage students in the historical case study 
approach? 
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In addition to these Instructional plamirg decisions, teachers face myriad 
instructional decisions on-staga, some of which ara particular to the 
of interdiaciplinary approaches to aciance teaching. For instance: 



Given limited time (and perhaps other resources on a particular day) , do I 
focus on physics principles, the relationships of physics to aose other 
natural or eocial sciences or to the history and philosophy of physics, or 
on proof Jares for solving physics problems? 

What are paral le ls in the other natural or eocial sciences that I eight use 
to illustrate the trarsdisciplinary nature of ecisnce in this case? What 
examples best illustrate important differences (in knowledge or soda of 
inquiry) among the sciences in this case? 



Clearly, teachers need to become sore knowledgeable or knowledgeable in 
different ways than in the past in order to integrate school science in ways 
Meaningful to students and authentic to established sclent ». 

As our analysis demonstrates, the potential for interdisciplinary approaches 
to develop powerful knowledge strictures and cognitive capabilities is high. 
However, the potential will not be realized unless instruction is carefully 
planned with attention to the cognitive demands of the curriculum and the 
experiential and dsvelopsental limitations of the students. For this to 
occur, teachers and curriculum designers must be better informed about the 
demands of the curriculum on the students and teachers, as well as the 

relationships among content organization pedagogical methods and the 

c 

development of knowledge structures and cognitive capabilities. 

Date: 1 January 1980 
Time: 12:07am 
Filename: H&PS 

END NOTES 

1 See for example: American Association for the Advancement of Science, 1989; 
American Association for the Advancement of Science, 1990; British 
Council/World Bank, 1989; Bybss, et al., 1989; Department of Education and 
Science and the Malah Office, 1985; Hickman, et al., 1987; National Governors' 
Association, 1990; Berlin, 1990; Brown, 1977; Jacobs, 1989; Koballa, et al., 
1984; Neumann, 1988; Fenlck, et al., 1984; Rosenthal, 1984. 



O 18 

LiMimummmi-M — v 



2 Mb recognize that the d— nds on both stajdMrits and taachara an not solely 
cognitive. The oassnda on taachara, for exasple, also ara social and 
political as various stakeholders in science education push for their version 
of school science. Sea P. J. Gaskell (in press) . For the purposes of this 
paper, howe ver , we focus on cognitive daeands. 

3 The National Science Teachers Association's Scope, Sequence and Coordination 
project sponsors several sites acxSoss tha country experimenting with 
restructuring science in grades 6-12 froe the "layer or toe" configuration to 
the European strand configuration. 
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